Gut contents of macrofauna] specimens collected from inside an exclosure with 1-mm openings, and from otiier locations in the Indian River estuary, Florida, were examined to determine what animals ingest foraminifera. One species of goby (fish) several species of decapods, molluscs, and some species of polychaetes were found to contain foraminifera in their guts. Almost all the animals containing foraminifera had been previously described in the literature as deposit feeders.
INTRODUCTION
Interest in the role of foraminifera in the benthic food web has increased in the past few years (Lipps and Valentine, 1970; Sliter, 1971; Lipps and Ronan, 1974; Mageau and Walker, 1976; Wefer and Lutze, 1976; Daniels and Lipps, 1978; Buzas, 1978a Buzas, , 1978b . Although a wide variety of organisms are known to ingest foraminifera, data on gut analyses are still woefully scant. This is not surprising because the systematic dissection of many individuals belonging to many species is a time-consuming and often unrewarding task. Here, we present some observations which add to this small data base.
To examine the importance of prédation on benthic foraminifera, an enclosure with 1-mm openings containing 30 I of abiotic sediment was placed in the Indian River estuary at Link Port, Florida, in February, 1976 and 1977 (Buzas 1978a , 1978b . Four replicate samples were taken inside and outside the cage in foraminiferal densities were significantly higher inside the exclosure vs. outside.
In both years maximum densities occurred in April and declined in May and June. This was true both inside and outside the exclosures. We cannot be certain whether or not the synchronous decline in densities inside and outside was due solely to prédation, other environmental variables, or to a combination of both. Examination of samples inside the cage indicated larvae of the macrofauna had entered the cage and a substantial macrofaunal component was present by the end of the experiment in June.
In June, 1976, a single 6-1 sample was taken from the exclosure and examined for its macrofaunal content. Examination of the guts of 71 individuals yielded only one foraminiferal test.
Consequently, in 1977, we decided to examine a larger portion of the macrofauna within the exclosure. To do so, we removed the exclosure in December, 1977, and examined the gut contents of about 27% of the 827 macrofaunal inhabitants.
The purpose of the present paper is to report on the specific results of the gut contents from the 1977 experiment, and on some other similar observations of animals from elsewhere in the Indian River estuary. 
METHODS
The sample removed from the exclosure was washed over a 1-mm sieve in the field, \4onthly samphng had removed from 1^ 1 of sediment which were probably replaced, at least in part, by sedimentation in the exclosure. After sieving, the sample was placed in 15% propylene phenoxytol in seawater (McKay and Hartzband, 1970) for 15 min to relax the animals and prevent régurgitation and then fixed in a 5-10% solution of formalin in seawater for 24 h.
The sample was stored in 75%-ethanol, stained with rose Bengal, and the animals removed and identified. All of the rarer individuals and a percentage of each abundant species or taxon was dissected, the gut contents examined and recorded.
Other animals examined were obtained from the collections of Harbor Branch Foundation biologists and had received the same type of treatinent when collected from similar areas in the Indian River estuary.
RESULTS
Of the 827 animals captured inside the exclosure, 224 were examined for gut contents, and 43 of these contained a total of 213 foraminifera (Table 1) .
Four small fish belonging to three species captured inside the exclosure did not contain foraminiferal tests in their guts. Five taxa of crabs were encountered, and three of these contained foraminifera. All three shrimp taxa observed contained foraminifera. More taxa (six of eight) of decapods contained foraminifera than any of the other taxonomic groups. Eleven species of gastropods were recorded, and only four contained foraminifera. Among the three species of bivalves recorded only Tellina lempanensis contained foraminifera.
Most polychaete taxa did not contain foraminifera. However, about half the dissected individuals of the Cirratulidae contained foraminifera. Most of these cirratulids were larger than 45 mm.
In addition to examining the macrofauna found inside the exclosure, we examined several other species from various areas in the Indian River estuary, on the adivce of biologists on the staff of the Harbor Branch Foundation. Table 2 lists the results obtained from a single species offish, two species of polychaetes, and two species of gastropods.
The small fish Gobionellus boleosoma consistently contained foraminifera. This deposit-feeding fish ranges in size from about 15 to 40 cm (SL).
Specimens of the polychaete Branchioasychis americana outside the exclosure contained a large number of foraminifera. In the three specimens examined outside the exclosure, 135 foraminifera were recorded; however, 104 of these were in a single individual worm. Of the four specimens examined, from inside the exclosure, two contained a total of three foraminifera. Similarly, 20 of the 23 foraminifera found in three specimens of Peclinaria goiildii occurred in a single individual.
We examined Acteocina candei and A. canalicitlata, gastropods which range in size from about 2 to 4 mm. Most specimens had one or two foraminifera in their guts and other CaCOg fragments possibly belonging to foraminifera (Table 2) .
DISCUSSION
Analyses of gut contents of animals found inside the exclosure and at other locations in the Indian River estuary indicate that a substantial number of foraminifera are ingested by certain predators. In their list of invertebrates found in the Indian River estuary, Young and Young (1976) classified the polychaetes and molluscs by feeding type. With the exceptions of Diopatra ciiprea and Branchiomma nigromaculala, named as suspension feeders, and Acteocina. whose feeding mode is in question, all the polychaetes and molluscs in which foraminifera were found are listed as deposit feeders. Lipps and Ronan (1974) have discovered that the suspension feeder Diopatra ornata also ingests foraminifera in Bodega Bay, California. Branchiomma nigromaculala has not, to our knowledge, been previously reported as ingesting foraminifera. Hurst's observations (1965) on another species of the genus Acteocina indicates that it uses a depositfeeding strategy which may be shared by A. candei and A. canalicidala.
That the majority of animals found ingesting foraminifera are deposit feeders is not surprising because foraminifera and nematodes are often the most abundant constituents in the meiofaunal size range and an organism browsing through the sediment would readily encounter them. There are, however, many animals, especially polychaetes (see Table 1 ), which are deposit feeders and yet did not contain any foraminifera. We suggest that the reason for this apparent anomaly is a combination of size of the individual predator, morphology of its feeding apparatus, and other, more fortuitous, factors. For example, only cirratulids over 45 mm in length contained foraminifera in their guts, indicating either that smaller specimens reject the foraminiferans as too large to be considered a food item, or that the size of the foraminifera simply prohibits their ingestion.
There was some evidence of a relationship between size of a worm specimen and the presence of foraminiferans in the gut (e.g., Peclinaria gouldii and Branchioasychis americana) with more foraminifera found in the larger worms. Generally, the distribution of foraminifera in the guts of polychaetes examined appeared more arbitrary than in some of the other predators examined, and is probably the result both of inadequate sample size and unknown factors in the feeding behavior of the polychaetes. The feeding mode of the predators does bias the results of a gut analysis study. While a deposit-feeding bivalve like T. tainpanensis ingests whole food particles and usually contains many intact specimens, the food items of many gastropods are impossible to identify after passing through a digestive tract which may include a scraping radula or a grinding gizzard (Mageau and Walker 1976) .
The small fish GobioneHtis boleosoma feeds mostly on meiofaunal elements and the guts often individuals examined contained over 700 foraminiferans. Lee (personal communication) has observed that the fish Fiindiilus ingests up to 3,000 foraminifera per day un-der laboratory conditions. Although foraminifera probably do not play a significant role in the diet of most fish (Daniels and Lipps, 1978) , they may be an important part of the diet of some small bottom feeders and juveniles of larger fish.
The deposit feeders encountered in the Indian River do not feen feed selectively upon foraminifera, but rather ingest organisms in the meiofaunal size range. In keeping with such behavior, we found no evidence of selective prédation on particular foraminiferal species. Those species which are commonly found in the Indian River, an Aininonia-Elphidiiim-miliolicI assemblage, are commonly found in the guts of deposit feeders.
The importance of the meiofauna as a good food source for the macrofauna is controversial. Some researchers (Mclntyre, 1969; Coull, 1973) believe the principle role of the meiofauna is to assist in the recycling of nutrients. In contrast, calculations made on the Link Port data indicate a substantial number of foraminifera are consumed by deposit feeders. At Link Port, we calculated wet-weight biomass estimates of foraminiferal populations that range from 0.9 to 6.0 g/ m^ and averaged 3.2 g/m^ outside exclosures in 1977-78 [Buzas (1978b) , using a procedure suggested by Saidova (1967) and used by Wefer and Lutze (1976) ]. Our figures show a foraminiferal biomass from 3 to 12 g/m^ greater inside exclosures than outside. These estimates may represent a considerable portion of the food supply exploited by macrofaunal deposit feeders and bottom-feeding fish.
